In this study we aim to resolve the contributions of facilitation and refractoriness at very short pulse intervals. Measurements of the refractory properties of the electrically evoked compound action potential (ECAP) of the auditory nerve in cochlear implant (CI) users at inter pulse intervals below 300 ms are influenced by facilitation and recovery effects. ECAPs were recorded using masker pulses with a wide range of current levels relative to the probe pulse levels, for three suprathreshold probe levels and pulse intervals from 13 to 200 ms. Evoked potentials were measured for 21 CI patients by using the masked response extraction artifact cancellation procedure.
Introduction
Neural refractoriness of the electrically stimulated auditory nerve has been investigated in animal studies (Stypulkowski and van den Honert, 1984; Cartee et al., 2000 Cartee et al., , 2006 Miller et al., 2001; Ramekers et al., 2015) , clinical studies in humans aided with cochlear implants (Gantz et al., 1994; Miller et al., 2000; Charasse et al., 2003; Battmer et al., 2004; Shpak et al., 2004; Morsnowski et al., 2006; Cohen, 2009; Botros and Psarros, 2010; Fulmer et al., 2011; Kim et al., 2011; Lee et al., 2012) and in modeling investigations (Bruce et al., 1999; Mino and Rubinstein 2006; Cartee, 2000 Cartee, , 2006 Goldwyn et al., 2012) . These examinations are generally carried out using multi-pulse stimulation paradigms, which are typically named masker-probe or paired-pulse paradigm. The refractory period of an auditory neuron starts when an action potential has been generated. The refractory period can be split into an absolute refractory period and a relative refractory period. During the absolute refractory period the neuron is unresponsive to a probe stimulus. In humans provided with a cochlear implant this period can be estimated based on electrically evoked compound action potential (ECAP) measurements and lasts about 400 ms (Morsnowski et al., 2006; Boulet et al., 2016) . The absolute refractory period is followed by the relative refractory period during which the auditory neuron regains its resting state responsiveness. At the beginning of the relative refractory period the firing probability of the neuron to a threshold stimulus starts to increase from 0 and returns to 1 at full recovery. Within the relative refractory period an above threshold stimulus is required to generate an action potential and firing probability to a constant stimulus increases with inter pulse interval.
In cochlear implant recipients the relative refractory period of an ECAP lasts up to about 4 ms and ECAP recovery to baseline level tends to be faster at higher stimulus intensities Boulet et al., 2016) . Measurement of ECAP recovery functions with paired electrical pulses revealed that neural responsiveness can be enhanced for a short period immediately following the conditioning pulse stimulus. Stypulkowski and van den Honert (1984) first noted this effect in studies of the electrically stimulated auditory nerve in cats by ECAP and electrically evoked auditory brainstem response (EABR) recordings, when the masker probe intervals (MPI) were below 300 ms. They referred to this effect as 'temporal summation' of the two stimuli which was most clearly observed at sub-maximal stimulus levels. In Guinea pigs, Miller et al. (1993) also noted related nonmonotonicities in the EABR recovery functions but not as consistently as seen by Stypulkowski and van den Honert (1984) . The same effect was observed in single auditory nerve fiber recordings in cats for MPIs up to 300 ms when subthreshold and near threshold conditioning masker stimuli were used (Dynes, 1996; Cartee et al., 2000 . In all studies the magnitude of the temporal summation effect increased with decreasing MPIs.
The summation effect, also referred to as facilitation or integration, was also observed in clinical studies with human cochlear implant recipients using ECAP recordings (Abbas et al., 1997; Finley et al., 1997; Cohen, 2009 ) and EABR recordings (Hey, 2003) . Temporal integration of pulses was also observed in the ECAPs evoked in cochlear implant recipients during the first two pulses of a high rate pulse train with inter pulse intervals below 500 ms . Psychophysical studies with double pulses in cochlear implant recipients showed summation effects occurring at inter pulse intervals below 2 ms (Nelson and Donaldson, 2001; Karg et al., 2013) . This effect was most pronounced for low level stimuli and was proposed to be related to the dynamics of the auditory neurons.
The recent review article by Boulet et al. (2016) gives an excellent overview of the temporal considerations for electrical stimulation of the auditory neuron and the mechanisms behind the effects. In this paper we will use the term facilitation in accordance with Boulet et al. (2016) . The facilitation effect is thought to be caused by residual subthreshold depolarization of neurons in which the masker did not generate an action potential (Stypulkowski and van den Honert, 1984; Finley et al., 1997) . This depolarization is short lasting and temporarily lowers the threshold and facilitates the probability of firing to the probe. Its dynamics has been incorporated into modeling studies (Cartee, 2000 (Cartee, , 2006 Goldwyn et al., 2012) . Fig. 1 shows an example of a typical ECAP recovery function on a logarithmic time scale obtained in a cochlear implant patient making use of the recording method described by Miller et al. (2000) . In this example facilitation responses show up at MPIs below 300 ms. Absolute refractoriness lasts up to 500 ms. Relative refractoriness starts at MPIs >500 ms and ends at about 3e4 ms. It needs to be noted that in ECAP recordings facilitation and absolute refractoriness overlap while both phenomena cannot be recorded simultaneously within a single neuron. In single neuron recordings the first pulse depolarizes the neuron towards an action potential and then the absolute refractory period starts, alternatively the neuron shows depolarization below spike threshold and then the facilitation period starts.
In this study we will focus on the stimulus-response phenomena measured at different ECAP levels for short MPIs. We anticipate that at short MPIs both facilitation and absolute refractoriness effects will affect the ECAP as it represents the synchronized excitation of multiple neurons. Some neurons will be excited by the masker and go into absolute refractoriness, while others are depolarized below the excitation threshold which will facilitate the response to the consecutive probe.
We aim to systematically investigate the refractoriness and facilitation phenomena at short MPIs by systematic variation of the masker current level (MCL), probe current level (PCL) and the MPI to further describe the ECAP behaviour in order to get a better understanding of the mechanisms behind its behaviour.
Materials and methods
Local ethics approval (D 469/15) was obtained before the start of the study. All procedures performed in this study were in accordance with the ethical standards of the institutional and national research committee as well as with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Study population
Post-lingually implanted adult CI users were recruited for this study. They were making use of a CI24RE(CA) cochlear implant or a CI512 cochlear implant (Cochlear Ltd., Sydney, Australia) on average for 26 months with a range from 1 to 101 months. Previous bilateral implantation was not an exclusion criterion and patients were measured on one side only for this investigation. All 21 patients had a full insertion of their electrode array and all electrodes were used in their everyday maps. Patient's age at investigation was on average 57 ± 20 years and ranged from 18 to 81 years. Demographics of the study population are given in Table 1 .
Measurement equipment and ECAP recording parameters
All measurements were performed using the clinical Custom Sound EP v4 software (CSEP) (Patrick et al., 2006) . To implement the measurement paradigms with variation of the recording parameters time-efficiently, the measurement sequences were predefined as csv files and imported into the CSEP software application controlling the actual recordings.
ECAPs were measured using the "Masked Response Extraction" paradigm (MRE) introduced by Miller et al. (2000) . This method is based on two pairs with masker and probe and masker-only stimuli. With the first pair, the MPI is varied to facilitate recording of an ECAP recovery function. The second masker-probe pair has a fixed short MPI within the absolute refractory period to avoid a response to the probe and is called reference recording. The masker-only stimuli are used to record masker artifacts and masker responses at MPIs corresponding to the masker-probe recordings. The masker-only recordings are subtracted from the corresponding masker-probe recordings leaving probe response and probe artifact. The result of the reference recording without probe response is then subtracted from the result of the varying MPI recording to deduce the artifact free ECAP response and the recovery function is built by repeating the recording at various MPIs.
Biphasic pulses with 25 ms/phase and 7 ms interphase gap were used. Masked Response Extraction recordings were obtained at a probe repetition rate of 80 pulses per second (pps). This stimulation rate was applied to minimise adaptation, as Müller-Deile demonstrated that the ECAP amplitude (N 1 P 1 ) decreases significantly with higher stimulation rates (Müller-Deile, 2009) .
Further studies have shown that the refractory properties do not differ between apical, medial and basal electrodes (Battmer et al., 2004; Xi et al., 2004; Morsnowski et al., 2006) . Therefore all measurements were performed using electrode E16 for stimulation of masker and probe pulses as well and electrode E18 for recording.
Before the start of the actual measurements, individual amplitude growth functions were recorded for a MPI of 10.000 ms with the MRE method. The measurement was started at the individual's loudest acceptable stimulus level (LAPL) and was continued with decreasing stimulus current in steps of 5 CL until an evoked potential could no longer be visually detected. The stimulus level that led to the N 1 P 1 potential with the smallest visually detectable amplitude was defined as the visual ECAP threshold (vT-ECAP). For each individual study subject the ECAP threshold was determined and used as an anchor to set the masker and probe stimulation levels. For reliable measurements of the N 1 P 1 amplitude, only those results are admissible for which the measurement could be conducted, after optimisation of the recording parameters, with a gain setting of 60 dB on the ECAP amplifier. The number of averages was set to 100 to obtain an average standard deviation of less than 2 mV of the ECAP N 1 P 1 amplitudes (Hey and Müller-Deile, 2015) . If 95% of the data are to lie within the predefined error interval, a confidence interval of 4 mV is necessary with an amplification setting of 60 dB and 100 averages. On the basis of these considerations, a noise level of 4 mV was used for the determination of the ECAP detection criterion.
Many of ECAP based studies of the recovery behaviour of the auditory nerve have been conducted using the implants CI24M or CI24R (Battmer et al., 2004; Charasse et al., 2003; Morsnowski et al., 2006) . The models used for the actual investigations were CI24RE and CI512. They offer certain methodological advantages (Gordon and Papsin, 2013) : measurements close to threshold are more accurate and less prone to interference from amplifier noise and, on the other hand, the limit for the minimal MPI is considerably shorter (13 ms versus 250 ms for the CI24M and CI24R).
These technical advantages widen the scope for investigations, both at short inter-pulse intervals and at stimulation levels close to the neural response threshold (Cohen, 2009 ).
This study focused on the facilitation effect at short inter pulse intervals. Probe current level and masker current level were varied to investigate facilitation and refractoriness. We studied MPIs from 200 ms down to 13 ms as facilitation is known to increase with shortening of the MPI. Facilitation is triggered by subthreshold depolarization of the auditory neuron and therefore we anticipated that effects would be largest at MCLs near ECAP threshold. Therefore the MCL was varied from minimal level (MCL ¼ 0 CL, at which no masker effect is anticipated) up to maximal acceptable loudness. We anchored the MCLs to the visually determined ECAP thresholds with MPI ¼ 10.000 ms (ECAP threshold) and measured effects for PCLs at ECAP threshold and ECAP threshold þ10 and þ 20 CLs. All masker and probe current levels presented in this paper are relative to the individual ECAP threshold: relMCL ¼ MCL -ECAP threshold and relPCL ¼ PCL -ECAP threshold.
To investigate facilitation and recovery effects the following parameter variations were carried out for two subsets of measurements.
Subset I focussed on the effect of MCL at the shortest MPI:
Varying masker level relative to ECAP threshold (absolute masker level at 0 CL and relMCL ¼ À120; À100; À80; À60; À40; À20; À10; 0; þ10; þ20; þ30 CL; 12 steps). There is a focus on the general principle of facilitation. Therefore, most patients were investigated utilising the first subset. The second subset on different MPI should add a view on temporal aspects. Due to the time consuming character of the measurements subset II could not be performed in all patients.
The reference recording (compare C traces in Miller et al., 2000) should be performed with complete masking. According to Cohen the necessary level to achieve this may vary amongst subjects (Cohen, 2009) . Hence four different recordings were introduced in each subject. The masker level for the Cref trace were chosen at probe level þ10 CL and masker level ¼ LAPL; the reference MPIs were 350 ms and 400 ms. The measurement with best masking is evaluated in an off-line optimisation procedure for each subject and is then used for this subset of measurements.
Data analysis
Mean traces were stored in the clinical data base. For further quantitative analysis, the stimulus parameters and the corresponding ECAP traces were accessed in the data base, and processed using Microsoft Excel and Matlab. For the main quantitative evaluation of the results, the N 1 P 1 amplitudes of the evoked potentials were displayed.
Mean values and standard deviations were calculated and displayed. The Sidak-Test (paired test without homogeneity of variance) and one-way Anova were used to investigate for differences of the means. The software packages Matlab and Origin were used for the evaluation of the data.
Results

Influence of masker and probe stimulation level on facilitation of the ECAP response
The ECAP facilitation effect is most pronounced at short MPIs and therefore we studied its behaviour in relation to masker and probe current level at the shortest possible MPI of 13 ms (Subset I). A typical example of a complete set of ECAP measurements in a CI patient is presented in Fig. 2 .
The N 1 P 1 amplitudes of the ECAP recordings shown in Fig. 2 are plotted as a function of relative masker level in Fig. 3 . At the lowest relative MCLs plotted the absolute MCLs are 0 CL and hereby these ECAP amplitudes are not affected by the masker and have ECAP amplitudes equal to the reference recording (dotted line). When MCL increases the ECAP amplitude increases exponentially up to a local maximum at relative MCL near ECAP threshold (relMCL ¼ 0 CL). Further increase of masker level beyond ECAP threshold results in rapid decrease of N 1 P 1 amplitudes. This behaviour is consistent for all three probe levels investigated.
The N1P1 amplitudes obtained at an MPI of 13 ms in all patients included in this study are plotted in Fig. 4 . It can be seen that the general trend shown in Fig. 3 is present in all study subjects. To further compare the results of the different subjects four parameters were extracted from each set of measurements (see Fig.  5 ):
Parameter A: The minimal relMCL for which the absolute N 1 P 1 amplitude shows a highly significant increase (p < 0.001) above the N 1 P 1 amplitude of the reference measurement with MPI ¼ 10.000 ms.
Parameter B: The relMCL where the N 1 P 1 amplitude is maximal. Parameter C: The difference between the maximal N 1 P 1 amplitude (parameter B) and the reference N 1 P 1 amplitude. Parameter D: The extrapolated relMCL at which an ECAP amplitude of 0 mV can be recorded with MPI ¼ 13 ms.
The individual subject ECAP measurements presented in Fig. 4 were analyzed and parameters A to D (as indicated in Fig. 5 ) were deduced. The results are presented in Fig. 6 .
Parameter A: The minimal relMCL necessary to significantly elevate the N 1 P 1 amplitude for relPCLs of 20 CL shows a mean value of À123 ± 55 CL. For relPCL of 0 CL the mean relMCL was À93 ± 36 CL. There was no significant difference between the parameter A values for different relPCLs (p > 0.05; one-way Anova). Parameter B: This local maximum is for relative probe levels of 20 CL at a value of 8 ± 9 CL. For lower probe levels the masker level shows a non-significant increase (p > 0.05; one-way Anova). Parameter C: For all probe levels the difference between the maximal N 1 P 1 amplitude (parameter B) and the reference N 1 P 1 amplitude is approximately 20 mV and shows no significant difference for the three data sets (p > 0.05; one-way Anova).
Parameter D: An extrapolated amplitude of 0 mV can be found for the highest relative probe level of 20 CL at mean relative masker level of 44 ± 9 CL. For the lower probe levels the masker level decreases significantly (p < 0.05; one-way Anova) to 40 ± 7 CL for relPCL ¼ 10 CL and 36 ± 8 CL for relPCL ¼ 0 CL. The Sidak test shows a significant difference (p ¼ 0.01) between relative probe levels of 20 and of 0 CL
Influence of masker probe interval
In a group of six subjects the MPI was varied from 13 ms to 200 ms in four steps for three probe levels. The ECAP traces and its corresponding N1P1 amplitudes show general accordance for the different MPIs. The N1P1 amplitudes for longer MPIs show a decreasing behaviour for a given combination of masker and probe level.
A quantitative analysis of N1P1 amplitudes of the six patients can be found in Fig. 7 . The N1P1 amplitudes are plotted depending on the masker probe interval (logarithmic scaling) to show the temporal characteristics. The mean N1P1 amplitudes were equal or greater than the reference measurements for relative masker levels 0 CL at all masker probe intervals. For relative masker levels >0 CL, N1P1 amplitudes below the amplitude of the reference measurement can be found.
For increasing MPIs the N1P1 amplitude decreases. The N1P1 amplitudes depending on masker probe interval show an exponential decay in time. Linear fits to the logarithmic data show a correlation of R > 0.98 for relPCL of 10 and 20 CL. Greatest steepness of the linear fit to curves in Fig. 7 is found for MCL of 10 CL. Steepnesses of curves tend to be lower for relative masker levels 0 CL and for 30 CL.
Discussion
Using short masker probe intervals of 13e200 ms, a part of the recovery function of the auditory nerve was investigated utilising ECAP measurements. A double-pulse stimulation paradigm was applied with variation of masker and probe levels. The effects of facilitation vs. refractoriness were systematically investigated for 21 CI patients by using the artifact cancellation procedure Masked Response Extraction. For analysis the stimulation current was not presented as absolute value, but in relation to the patient's individual ECAP threshold. The aim of electrical pulses in a cochlear implant system is to activate auditory neurons. When an electrical pulse is applied close to an auditory neuron in rest, the resting membrane potential may rise (¼ depolarization) and when the electrical pulse was of high enough intensity the membrane potential can reach threshold which triggers an action potential (¼ excitation). When an action potential is triggered the neuron cannot generate another action potential for a short time period (¼ absolute refractoriness). When the electrical pulse lifted the neuronal membrane potential below excitation threshold it will take a short period of time for the neuron to go back to the resting membrane potential and during this period the neuron can be excited by an electrical pulse of lower intensity (¼ facilitation).
When masker levels above ECAP threshold are deployed the ECAP N 1 P 1 amplitudes decrease (see Fig. 3 ). This can be interpreted as increasing number of ECAP contributing neurons going into absolute refractoriness. Probe evoked ECAPs decreased in amplitude when maskers were above ECAP threshold level and ECAP responses nearly complete disappeared with maskers up to 30 CL above ECAP threshold. Disappearance of the response indicates that all neurons that potentially can respond to the probe were put into absolute refractoriness by the masker. To reach this level generally a higher current level step with respect to ECAP threshold level was needed for higher probe current levels (Fig. 6D) .
Forward masking is the default artifact suppression algorithm used for ECAP recording in Nucleus cochlear implants and by default the masker current level is set 10 CLs above probe current level to assure full masking and hereby disappearance of the probe response when put within the absolute refractory period (Abbas et al., 1999; Dillier et al., 2002) . This and the observations of this study suggest that a pulse at one level does not always activate the same set of individual neurons while a higher level stimulus will assure that neurons evoked by a lower level stimulus are consequently activated and put into absolute refractoriness.
This finding of rapidly decreasing N 1 P 1 amplitudes for increasing masker level above ECAP threshold is in accordance with Cohen (2009). For a relative masker level of þ30 CL all of the recordings showed a N 1 P 1 amplitude above 4 mV, being the limit for reliable detection of an evoked potential by the method used (Hey and Müller-Deile, 2015) . This leads to the conclusion that for very short MPI of 13 ms, a masker at a relative level of þ30 CL does not put all the neurons activated by the probe into absolute refractoriness. Probably higher relative masker levels would create total masking but they were not tested to avoid overstimulation and unacceptable loudness.
For masker levels far below ECAP threshold an increased N 1 P 1 amplitude was measured when compared to the reference condition, i.e. a probe response unaffected by a masker stimulus. This can be interpreted as a facilitation effect caused by the masker. The facilitation effect was observed for all tested probe levels. For decreasing masker levels below ECAP threshold, N 1 P 1 amplitudes decreased to the N 1 P 1 amplitude of the reference measurement, but not below these values. When the intensity of the masker is below ECAP threshold it will elicit no ECAP. An ECAP can still be evoked by the probe. When this response is larger than the reference condition facilitation is present in the ECAP response.
When masker levels are near ECAP threshold, maximum values of N 1 P 1 amplitudes were recorded for all tested probe levels. It was found that facilitation of the ECAP response by the masker pulse was maximal when the masker was presented at levels close to or at ECAP threshold level and this maximum was found at the same masker current level for all tested probe levels (see Fig. 6, Parameter B) . This can be interpreted as an equilibrium point of maximal facilitation and minimal refractoriness.
The aim of this study was to investigate facilitation and refractoriness for short inter pulse intervals. The parameters A e C don't show a dependency on relative probe level in contrast to parameter D showing a dependency on probe level. This illustrates the general behaviour of the facilitation mechanism, when referencing masker and probe level to the ECAP threshold. Facilitation shows no intensity dependency in contrast to the refractoriness (Lai and Dillier, 2010) .
On the other hand facilitation can be influenced by masker level and masker probe interval. For low masker level and longer MPIs the facilitation effect diminishes and the double pulse response tends to the recreated or single pulse response.
One may assume that an electrical pulse that is just below spike initiation threshold will create the most depolarization without action potential and thus most facilitation. In this sense it is not surprising that the facilitation effect in the ECAP response is largest near ECAP threshold where a substantial number of neurons will reach maximal depolarization without generating an action potential.
At ECAP threshold level there are enough synchronized action potentials of individual neurons for the response to appear in the recording. On the other hand action potentials are also generated below ECAP threshold level as the behavioural threshold of a pulse train is generally below ECAP threshold level Thai Van et al., 2004; Cafarelli Dees et al., 2005) . This indicates that pulse trains below ECAP threshold generate enough auditory nerve activity to create an auditory threshold percept in the central nervous system. The discrepancy between ECAP threshold and behavioural threshold indicates that a pulse below ECAP threshold triggers action potentials and neural depolarization and therefore it is not surprising to see that facilitation occurs well below ECAP threshold.
The facilitation effect observable in the ECAP falls off exponentially when the masker probe interval is prolonged (Fig. 7 ) and the relative masker current level where the probe response disappears (parameter D) tends to decrease indicating that a relatively lower masker level is able to activate all neurons activated by the probe. This indicates that the facilitation effect contributes to the probe responses recorded with maskers above ECAP threshold level and that its contribution decreases with increasing MPIs. Once the masker is high enough all neurons are in full refractoriness.
The results of this study suggest that the masker current level needed for a maximal facilitation effect is independent of probe level while it is clear that the spatial activation patterns will vary with probe level. One may assume that facilitated neurons will be close to the activation electrode with maskers at ECAP threshold level and below and that the facilitated neural population moves away from the activation electrode when MCLs above ECAP threshold are applied as they will trigger neural action potentials rather than facilitating depolarizations close to the activation electrode. Along the same thought-line probes above ECAP threshold level activate neurons close to the stimulation electrode and these probe activated neurons will contribute to the ECAP anyway and therefore do not contribute to an ECAP facilitation effect. From this perspective it is surprising to see that also for the high probe CLs facilitation is maximal with maskers at ECAP threshold level as one would anticipate that the ECAP facilitation effect would primarily happen at the borders of the activated population. An explanation for this observation could go along two thought-lines:
1. The electrical stimulus has a broad but inefficient activation field. The activation of neurons is suboptimal in the sense that there always will be a mix of neurons that fire (and go into absolute refractoriness) and neurons that depolarize without firing (and go into facilitation). This dispersion in activation is present for the neural population close to the stimulation electrode, even when high level stimuli are used. 2. The site of activation may play a crucial role. nodes of Ranvier in the axon are a likely site to spike first. They can create retrograde conducted spikes which activate the cell body and trigger a spike which then translates into the ECAP we record. We assume that nodes of Ranvier trigger small potential fields which only contribute little to the ECAP. Therefore for facilitation to be observable in the ECAP the cell body needs to be activated. Activation of cell body by retrograde conduction is not optimal and creates dispersed random activation in the ganglion. In this light the masker pulse might have facilitated the retrograde triggering of a spike in the cell bodies, creating a more uniform activation close to the activating electrode (Rattay et al., 2001 ).
Excitation fields depend on the delivered current and increase with current level. The excitation field is largest near the stimulation electrode and decays with distance from the electrode, while spiking probability decreases with distance (Kral et al., 1998) . Spiking probability and depolarization probability are assumed to be interrelated. It is more easy to depolarize and more difficult to generate an action potential, specifically in the cell body.
In all measurements using masker levels near ECAP threshold, it had been seen that amplitudes compared to the amplitude recorded in recovered state (MPI ¼ 10.000 ms) increased with short MPI for a given masker level. This facilitation effect for short MPI is in accordance with findings in EABR measurements (Hey, 2003) . This effect was also demonstrated in an animal model investigated by Stypulkowski and van den Honert (1984) . They were able to demonstrate a facilitation effect upon electrical stimulation of the auditory nerve with an interpulse interval of 150 ms.
The facilitation effect may be greater in response to pulse train stimulation compared to double pulse stimulation. Several subthreshold masker pulses may accumulate the facilitation over time. On the other hand there is the question of practical consequences from the actual finding: Does the facilitation effect translate into psychophysically measurable effect? These research questions can be the scope of further investigations.
Conclusions
Referencing masker as well as probe current level to the individual's ECAP threshold motivates a more general description of the principles involved in facilitation and refractoriness Facilitation of ECAP is maximal for masker level at ECAP threshold and is also present at very low masker levels. The amount of facilitation is independent of probe level, whereas refractoriness is dependent on probe level. Facilitation is a logarithmically decreasing function of masker probe interval and its slope seems dependent on masker level
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